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SUMMARY

An investigation of three NACA l-serles nose inlets, two of which
were fitted with protruded cemtral bodies, was conducted in the
Langley 8-foot high-speed tunnel. An ellipticel-nose bedy, which hsd a
critical Mach number approximstely equal to that of one of the nose
inlets, was also tested. Tests were made near zero angle of attack for
a Mach number range from 0.4 to 0.925 and for the supersonic Mach
number of 1.2. The inlet-velocity-ratio range extended from zero to
a meximum value of 1.34. Measurements included pressure distributlon,
external dreag, and totel-pressure loss of the internsl flow near the
inlet. Drag was not measured for the tests at the supersonic Mach
number.

Over the range of inlet-velocity ratio investigated, the calculated
external pressure-drag coefficient at a Mach number of 1.2 was con-
secutively lower for the nose inlets of higher critical Mach number,
and the pressure-drag coefficient of the longest nose inlet was in the
range of pressure-drag coefficient for two solid noses of fineness
ratio 2.4 and 6.0. For Mach numbers below the Mach number of the
supercritical drag rise, extrapolation of the test data indicated that
the external drag of the nose inlets was little affected by the addition
of centrel bodies at or slightly below the minimum inlet-velocity ratio
for unseparated central-body flow. The addition of central bodies to
the nose inlets also led to no apprecisble effects on either the Mach
number of the supercritical drag rise, or, for Inlet-velocity ratios
high enough to avoid a pressure peak at the inlet lip, on the critical
Mach number. The total-pressure recovery of the inlets tested, which
were of a subsonic type, was sensibly unimpaired at the supersonic Mach
number of 1.2, Low-speed measurements of the minimum inlet-velocity
ratio for unseparated central-body flow appear to be applicable for Mach
numbers extending to 1.2.

lgupersedes recently declassified NACA RM IL9L23a, 1950.
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INTRODUCTION

The development of a series of nose inlets for application to high-
speed aircraft is reported in reference 1. This series of nose Inlets,
designated as the NACA l-series, was lnvestigated later (reference 2)
with protruded central bodies suitable for propeller spimmers or
accessory housings. Since the tests of references 1 and 2 were con-
ducted principelly at low speeds, high-speed characteristics were pre-
dicted from low Mach number data.

A subsequent investigation has therefore been undertaken for the
purpose of studying the aerodynamic characteristics of NACA l-series
nose inlets at supercritical speeds. The surface pressure-distribution
and externsl-drag characteristics of three representative nose inlets
of the series are reported in reference 3 for Mach numbers extending up
to 0.925. The present paper reports for these nose inlets a study of
additional pressure distributions and a study of the effects of several
protruded central bodies on the external pressure distribution, the
external drag, and the total-pressure losses of the internal flow. The
nose-inlet pressure dlstributions were measured for Mach numbers of
approximetely 0.4, 0.8, and 1.2, and central-body effects were investi-
gated for a rasnge of Mach number from 0.4 to 0.925 and at a Mach number
of 1.2. An elliptical-nose body was also tested for the purpose of
comparing the pressure distribution of an NACA l-series nose inlet with
that of s solid streamline nose at transonic speeds.

SYMBOLS

A duct area

CDe externasl drag coefficient, based on maximum nose-inlet
frontal aree

CDP external pressure-drag coefficient, based on maximum nose-
inlet frontel area

D nose-inlet maximumm diameter

Fe resultent of pressure forces acting on external surface,

positive in drag direction

Fy resultant of pressure forces acting on internal surface,
positive in drag direction

B total pressure
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AH

(=50

total-pressure decrement from free stream to inlet rake
station

internal mass-flow rate
Mach number

critical Mach number, free-stream Mach number at which
local sonic velocity is first attained

static pressure
P-Po

pressure coefficient,
%

critical pressure coefficient, corresponding to local
Mach number of 1.0

dynamic pressure, %pve

radius, measured from nose-inlet center line
nose-inlet lip radius, in.

radius of nose-inlet'diffuser wall at entrance reke
station, measured from nose-inlet center line

radius of central body, measured from nose-inlet center
line

velocity
axlal distance from inlet station, positive rearward, in.

axigl distance from nose of ellipsoid, in.

ordinate measgured perpendicular to reference line, in.

average total-pressure-loss coefficient L S S dAg
! Ag Hy - ®o

angle of attack of nose-inlet center line, deg

angle of nose-inlet diffuser wall measured from reference
line (fig. 3)

air mass density
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Subscripts:

o free sgtream

1 nose-inlet entrapce
d inlet rake station
J Jet

APPARATUS AND TESTS

The investigation was msade in the Langley 8-foot high-speed tunnel
and involved the use of two different test sections and model support
systems. One arrangement (described in reference 3) consisted of a
sting-strut support system mounted in the conventional subsonic test
section. A photograph of this instellation is given as figure 1(a).

The other arrangement consisted of the model support system, shown
schematically in figure 1(b) with the models mounted in the 1.20 (nominal)
Mach number supersonic test section. The supersonic test section had

a circular cross section with a diesmeter of approximately 94 inches.

Mach number distributions along the center line with the tunnel empty

are given in figure 2.

Models.~ The three NACA l-series nose inlets tested are designated,
after the method of reference 1, as the NACA 1-65-050, NACA 1-50-100,
and NACA 1-40-200 nose inlets. These inlets represent a critical-speed
cross section of the NACA l-series nose inlets. Design critical Mach
number and design (minimum) inlet-velocity ratio measured for these nose
inlets in the low-speed tests of reference 1l are given in the following
table:

NACA nose inlet Mer (V1/Vo ) yin
1-65-050 0.700 0.18
1-50-100 795 .20
1-%0-200 875 k0

The nose-inlet models used in the present investigation were previously
used in the tests of reference 3. Two of these inlets, the

NACA 1-65-050 and NACA 1-50-100 nose inlets, were tested with central
bodies representative of propeller spinners or accessory housings.
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The tests also included an elliptical nose which consisted of half an
ellipsoid of fineness retio (major-to-minor-axis ratio) 2.4. The
critical Mach number of this nose was spproximately equal to the design
critical Mach number of the NACA 1-50-100 nose iniet. A drawing of the
model combinations tested is shown in figure 3, and the central-body
ordinates are given in figure k.

The central-body diameters at the inlet were such as to raise the
inlet-velocity ratio from the design minimum value for the open nose
inlet to approximately 0.35 at the nose-inlet design mass-flow rate.

- Central bodies A and D, which were tested with the NACA 1-65-050 and
NACA 1-50-100 nose inlets, respectively, were ellipsoids with a mejor-
to-minor-axis ratio of 3. In addition to the elliptical central body,
two conical-type central bodies, designated as central bodies B and C,
were also tested with the NACA 1-65-050 nose inlet. These central
bodies had 60° conical noses and were of equal diemeter at the inlet,
but differed in the amount of protrusion and in the menner in which the
conical surface was faired into the surface of zero slope at the inlet.
The transition surfaces were of a parabolic profile for each central
body, but the distance from the inlet to the point of tangency of the
conical surface and the parabolic surface was set equal to the inlet-
anmulus width for central body B and to twice the inlet-annulus width
for central body C. For both conicel central bodies, the axis of the
parabolic portion of the profile was contained in the inlet plane.

Tests in subsonic test section.- For the tests in the subsonic
test section, the nose inlets were mounted on the NACA 111 afterbody
shown in figure 5(a}, which was previously used in the tests of refer-
ence 3. Date were recorded for a range of Mach number from spproxi-
mately O.4 to 0.925. The corresponding Reynolds number range, based on
nose-inlet maximum diasmeter, extended from approximately 610,000
to 940,000 (reference 3). The angle of attack was near zero, but varied
among the models from —0.3O to 0.1°.

The same measurements reported in reference 3 were made during the
tests in the subsonic test section. Nose-inlet pressure distribution
was measured by a row of pressure orifices on the upper surface lying
in & vertical plane through the axis, and the externsl drag was measured
by a wake-survey rake (fig. 1(a)). Inlet-veloclty ratio was calculated
from measurements made with a rake of total-pressure and static-pressure
tubes which spanned a venturi throat in the internal-flow ducting as
described in reference 3. The minimum value of the inlet-velocity ratio
for the tests in the subsonic test section was zero and the maximum
velue, which depended on the Mach number and model configuration, was
approximately 0.6.

Tests in supersonic test section.- For the tests in the supersonic
test section, the models were mounted on a 3.5-inch-~diameter tube
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suspended along the axis of the tunnel, as shown in figure 1(b). The -
connecting members between thls tube and the inlet models are shown in
figure 5(b). In addition to tests at a Mach mumber of 1.2, (Reynolds
number, approximetely 980,000) tests were also made in the supersonic
test section at Mach numbers of approximately 0.4 and 0.8, for which
Msch number gradients at the model were small (fig. 2). All tests in
the supersonic test section were made at zero angle of attack.

Measurements of nose-lnlet pressure distribution, internal mass-
flow rate, and total-pressure loss near the inlet were made during the
tests in the supersonic test section. As shown in figure 1(Db), the
internal flow was ducted through the 3.5-inch-dlameter tube located
along the tunnel axis, and exhausted through a throttle into the tunnel
diffuser. Inlet-velocity ratio was celculated from measurements made with
a reke-of total-pressure and static-pressure tubes in the venturi throat
shown in figure 5(b). The inlet-velocity-ratio range of these tests
extended from zero to a maximum value of 1.34. Total pressure near the
inlet was measured for the NACA 1-65-050 and NACA 1-50-100 nose-inlet -
central-body combinations by total-pressure rakes mounted at the stations
indicated in figure 3.

‘METHODS AND PRECISION

The values of inlet-veloclty ratio given in this paper are nominal
values calculeted from the mass flow and inlet area. Isentropic flow
was assumed from the free stream to the inlet for subsonic Mach numbers,
and a normal shock was assumed shead of the inlet for the supersonic
Mach number, with isentropic flow from the shock to the inlet, These
assumptions are valid for nose inlets under the conditions of the tests
reported herein, but the flow entering the inlet of nose-inlet - central-
body combinations without boundary-layer control departs appreclably
from isentropic conditions. However, for the combinstions of inlet-
veloclty ratio and inlet totael-pressure loss of these tests, an analysis
showed that the largest error in the calculated value of the inlet-
velocity ratio caused by neglecting the inlet total-pressure loss was
approximately 0.02.

Condensation of water vapor in the test section was present during
some of the tests at the supersonic Mach number. This condensation
reduced the test Mach number by approximately 0.02. The meximum effect
of tunnel-wall constriction on the test Mach number at subsonic Mach
numbers was less than 1 percent. Because of the small magnitude of
condensation and wind-tunnel-wall corrections to the date of these tests,
no corrections have been applied. .
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All data were obtained in the tests from pressure measurements and
the most likely source of error in the measurements resulted from the
practice of reading the manometer-liquid height to the nearest menometer
scale graduation. The maximum error in pressure coefficient caused by
this practice was at the lowest test Mach number and was approxi-
mately £0.005. The error in drag coefficient, which was & function of
Mach number and wake width, was less than approximately *6 percent at
the lowest Mach number, 2 percent at the critical Mach number, and
+}4 percent at the highest subsonic Mach number and wake-width condition
of the tests.

The computation of inlet-velocity ratio was least accurate at the
lowest inlet-velocity ratlos, lowest Mach number, and for the inlet of
the least area. Accordingly, at inlet-velocity ratios of 0.1 and lower,
the calculated values of inlet-velocity ratio could have ranged from O
to 0.2; whereas at inlet-velocity ratios of 0.3 and higher, the error
in inlet-velocity ratio was less than spproximately *0.0hk. These
errors in inlet-velocity retio are believed to have no significant effect
on the conclusions of this paper.

RESULTS AND DISCUSSION

Nose Inlets

Surface pressure distributions.- The surface pressure distributions
presented in figure 6 were measured during the tests in the supersonic
test section. Negligible differences were found between the pressure
distributions measured at subsonic Mach numbers during these tests and
those measured &t comparable Mach numbers and inlet-velocity ratios for
the model support system which was used for the tests in the subsonic
test section. The pressure distributions of figure 6 for subsonic Mach
numbers are therefore valid for nose inlets mounted on afterbodies
similar to the afterbody used for the tests in the subsonic test section.

The subsonic nose-inlet pressure distributions of figure 6 are in
essential agreement with the pressure distributions discussed in refer-
ence 3. Some modifications to the discussion of the characteristics of
the NACA 1-65-050 nose inlet in reference 3 are necessary, however, as
& result of data obtained with an additional pressure orifice used in
the present tests. It was stated in reference 3 that the pressure peak
induced at the lip of the NACA 1-65-050 nose inlet by low inlet-velocity
ratios at low Mach numbers was absent at and above the critical Mach
number. As shown in figure 6(a), however, a pressure pesk near the

inlet 1ip is Indicated by the additional pressure orifice (% = 0.06) at
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zero lnlet-velocity ratio for the supercritical Mach number of 0.81.

The reduction of inlet-velocity ratio to zero has therefore more effect
on the critical Mach number of the NACA 1-65-050 nose inlet than was -
indiceated In reference 3. Because of the limited number of pressure
orifices available on the small-scale models of the tests, critical

Mach number cannot be accurately measured for conditions for whbich the
lowest surface pressure exlsts as & sharp peak. Fortunately, however,
knowledge of the critical Mach number at low inlet-velocity ratios for
the NACA 1-65-050 nose inlet is relatively unimportant inasmuch as the
drag measurements of reference 3 showed for this nose inlet no effect

of inlet-velocity ratic on the Mach number of the supercritical drag
rise, and, furthermore, only a small effect of inlet-veloclty ratio on
drag coefficient was shown throughout the Mach number range of the tests.

At inlet-veloclity ratios for which the pressure gradient is
favorsble from the nose-inlet 1lip to the meximum diameter, the pressure
distributions of all three nose inlets at the supersonic Mach number
(figs. 6(a), 6(e), and 6(g)) are somewhat similar toc the pressure
distributions for subcritical Mach numbers. However, the pressures for
the supersonic Mech number are more positive over the forward part of
the inlet, and the position of the negative peak-pressure coefficient
and the point at which the pressure coefficlent has returned to zero -
have moved farther rearward. From the point of minimum pressure near
the nose-inlet meximum diameter, the flow is gradually recompressed to
free-stream pressure, -

The meximum Induced wvelocities at the supersonic Mach numbexr vary
with nose-inlet proportions in the same mshner as for subsonic Mach
numbers: the maximum induced velocity is lower for the nose inlets of
higher critical Mach number. The reduction of the inlet-velocity ratlo
to zero led to a pressure peak at the Inlet 1ip only for the
NACA 1-40-200 nose inlet.

A comparison of the pressure coefficients on the elliptical nose
end the NACA 1-50-100 nose inlet at selected inlet-velocity ratios is
shown in figure 7 with the pressures plotted at equal distances from
the maximum-diameter station. Although the shapes of the pressure
distributions forward of the point of maximum induced velocity are
gimiler, the pressures over the nose inlet are more positive then those
for the elliptical nose in this region. The compression of the flow
rearward from the point of maximum induced velocity appears to be some-
what more rapid for the elliptical nose at the two subsonic Mach numbers
and distinctly more rapid st the supersonic Mach number.

Supersonic pressure drag.- External nose-inlet pressure drag has
been evaluated from the supersonic pressure digtributions of the nose
inlets. The external pressure drag of a nose inlet is obtained by
consideration of a hypothetical body consisting of the nose inlet with
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a long, tapering afterbody, the taper being so gradual that the
pressure on the afterbody is stream pressure (fig. 8). The external
pressure drag is then defined as the sum of the dragwise components of
the pressure forces acting externally and internally on the body minus
the internsl drag resulting from the total-pressure loss of e normal
shock assumed ghead of the inlet. This relationship is given by the
following expression:

DP =Fg + Fy - m(VO - Vj)

The force F, was obtained by integration of the measured pres-
sures acting on the nose inlet and the free-stream pressure assumed to be
acting on the afterbody. In calculating the force Fi, the internal
flow was assumed isentropic downstream from the normel shock. The exit
ares of the internal-flow duct could then be calculated as a function of
inlet-velocity ratio from.qpe internsl msss-flow rate and the assumption
of free-~stream pressure acting at the exit. Given the internal mass-
flow rate and inlet-velocity ratio, the resultant force F;i acting
on the internal surface of the body was then calculated from the momen-
tum and pressure of the flow at the inlet and exit:

Fi = p1Ay - DAy - m(Vy - V1)

The external pressure-drag coefficients of the three nose inlets
obtained in this manner are plotted in figure 8 as a function of inlet-
velocity ratio. The external pressure drag calculsted by the preceding
method 1s exsctly equal to the value given by the sum of the external
and additive drags of reference k.

The pressure-drag coefficients of two solid bodies with elliptical
noses are also given in figure 8 for the sake of comparison. These
drag coefficients were calculated with the asssumption of the same type
of hypothetical afterbody assumed for the noge-inlet calculations.
Obviously, for the elliptical noses, the afterbody was closed so that
the pressure-drag calculation became simply an Iintegration of the
meagured pressures over the noses and the free-stream pressure assumed
acting over the afterbody. The drag coefficient given in figure 8 for
the ellipsoid fineness ratio of 2.k was obtained from integration of
the supersonic pressure distribution of the elliptical nose of figure T.
The drag coefficient indicated for the ellipsold fineness ratio of 6.0
was obtalned from integration of the pressure distribution for a Mach
number of 1.2 over the forebody of the ellipsoid used in the tests of
reference 5.

Inspection of figure 8 shows that, over the range of test inlet-
velocity ratio,-the externsal pressure-drag coefficlent was consecutively
lower for the nose inlets of greater length ratio. The nose-inlet



10 NACA TN 3436

length ratio cannot by itself serve as an index of the pressure dreg,
but for the range of inlet diameters involved in the three nose inlets
tested, the length ratio is the more definitive parameter. For each
nose inlet, the drag coefficient diminished with increasing inlet-
velocity ratio, but tended to diminish more graduelly at the higher
Inlet-velocity ratios. The pressure-drag coefficient of the longest
nose inlet at useful inlet-velocity ratios is shown to be within the
range of pressure-drag coefficient for the two solid noses.

Nose-Inlet - Central-Body Combinstions

Surface pressure distributions.-~ Nose-inlet pressure distributions
are given in figures 6(b), 6(c), and 6(d) for the NACA 1-65-050 nose
inlet with an ellipticel and two conical central bodies. Pressure dis-
tributions for the NACA 1-50-100 nose inlet with an ellipticel central
body are given in figure 6(f). Comparisons of the nose-inlet pressure
distributions of the NACA 1-65-050 nose inlet with those for the inlet
fitted with each of the three central bodies are shown in figures O
and 10, as measured in the supersonic and subsonic test sections,
respectively. A similer comparison is given for the NACA 1-50-100 nose
inlet in figure 11. The inlet-velocity ratios given for the comparison
of figures @ and 11 are the lowest and highest values available for
comparison, whereas the inlet-velocity ratio of figure 10 was selected
to obtain & pressure distribution without & pesk at the inlet 1lip. The
addition of any of the central bodies at a given inlet-velocity ratio
led to only a small effect on the nose-inlet pressure distribution for
all Mech numbers. The apparent effect of central body A on the pressure
distribution of the NACA 1-65-050 nose inlet (fig. 10) is believed to
have been caused by a discrepancy in the angle of attack for the test of
this central body. Thus the critlcal Mach number of the nose inlets may
be assumed to be the critical Mach number of the nose-inlet - central-
body combinations. Furthermore, the small effect of central bodies on
the pressure near maximum diameter indicates little effect of spinners
on the characteristics of the supercritical drag rise.

External drag.- The externsl drag coefficient is presented for
selected Mech numbers as a function of inlet-velocity ratio in figures 12
and 13 for the NACA 1-65-050 and NACA 1-50-100 nose inlets with and
without central bodles. At Mach numbers below the Mach number of the
supercritical drag rise, the effect of inlet-velocity ratio on the drag
coefficient was small for all configurations except the NACA 1-65-050 nose
inlet with central body C (fig. 12(d)) and the NACA 1-50-100 nose inlet
with central body D (fig. 13(b)), for which cases an sppreciable increase
in drag resulted” when the inlet-wvelocity ratio was reduced from approxi-
mately 0.35 to the lowest test values.
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Comparisons of the external drag of the NACA 1-65-050 and
NACA 1-50-100 nose inlets with the external drag of these inlets fitted
with centrel bodies are presented in figures 14 and 15. These curves
were obtained from faired plots illustrated in figures 12 and 13, and
the inlet-velocity ratios chosen for the comparisons are the lowest and
highest values for which the data permit a satisfactory comparison. The
measured critical Mach numbers are indicated for each configuration. As
previously mentioned, the critical Mach numbers indicated for the lower
inlet-velocity ratios were not accurately measurable. The criticel Mach
mumber indicated for central body A at 0.2 inlet-velocity ratio (fig. 1h)
is believed to be higher than those indicated for the conical central
bodies and the nose inlet slone as a result of the smaell negative angle
of attack (-0.3 ) for the test of this central body. As previously
inferred from the pressure-distribution measurements and as verified by
the drag curves for the NACA 1-65-050 nose inlet with central bodles B
end C (fig. 14), the central bodles had little effect on the super-
critical drag characteristics. Drag date for the tests with elliptical
central bodies are presented only up to Mach numbers slightly greater
than the critical Mach number because a wake-survey rake of length
adequate to messure the shock losses was not available at the time of
those tests.

For both iInlet-velocity ratlos and for Mach numbers below the Mach
number of the supercritical drag rise, the drag comparisons of figure 1k
indicate that the externsl drag of the NACA 1-65-050 nose inlet was
little affected by the presence of the elliptical central body A, whereas
the drag was increased somewhat by the presence of both the conical
central bodies B end C. The external drag of the NACA 1-50-100 nose
inlet (fig. 15) was increased by the presence of the elliptical central
body D for both inlet-velocity ratios.

As will be shown later, the higher inlet-velocity ratios given for
the drag comparisons of figures 14 and 15 are lower than the minimm
values desirable from the standpoint of internal-flow pressure recovery.
For the Mach number range extending to slightly beyond the critical Mach
number, some indication of the effect of central bodies on the external
drag coefficient at higher inlet-velocity ratios may be obtained from
reference to figures 12 and 13. The higher inlet-veloclty ratios given
for the drag comparisons of figures 1k and 15 were limited by the inlet-
veloclty-ratio range for the nose-inlet-slone tests. However, a con-
sideration of the effects on the externsl pressure distribution resulting
from increasing the inlet-velocity ratio beyond the design minimum value
leads to the belief that, for the NACA 1-65-050 end NACA 1-50-100 nose
inlets, little change would occur in the drag coefficients if the inlet-
velocity ratio were increased to the maximm values obtained for the
tests with the central bodies. If then the values of the drag coeffi-
clents shown in figures 12(a) and 13(a) for the highest test inlet-
velocity ratios and for Mach numbers below the Mach number of the
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supercritical drag rise are extended to higher inlet-velocity ratios,

it can be seen that these values are little different from the values

of the drag coefficients measured for the nose-inlet - central-~body
combinations at inlet-velocity ratios of epproximately O.4. This value
of inlet-velocity ratioc 1s slightly lower then the minimum inlet-velocity
ratio for unseparated central-body flow, which wlll be discussed
subsequently.

Internal flow.- For nose-inlet - central-body comblinations, a
minimum inlet-velocity ratio exists below which the central-body
boundary layer separates under the influence of the pressure rise ahead
of the inlet. Minimum inlet-velocity ratios for the NACA l-~series
spinners, which are similar to ellipsoidel central bodies, are given
in reference 2. It was found in reference 2 that the adverse pressure
rise acting on the central-body boundary layer shead of the inlet could
be reduced by the use of a central body which, ahead of the inlet, had
the shepe of a right circular cone. For a given inlet diameter, how-
ever, the volume of a conical central body available for housing pro-
peller hubs or engine accessories will be less than that of a conven-
tional central body with a profile similar to an ellipse, The two
central bodies B and C were therefore designed for tests with the
NACA 1-65-050 nose inlet to determine if a modification could be made
to a conical centrsl body to increase its volume without seriously
affecting the minimm inlet-velocity ratio for unseparated central-body
flow.

The results of the Intermel-flow total-pressure measurements at
the stations indicated in figure 3 are presented for the NACA 1-65-050
and NACA 1-50-100 nose-inlet - central-body combinations in figures 16
and 17. At the lowest inlet-velocity ratios for all nose-inlet - central-
body combinatlons, the total-pressure loss across the annulus 1s high
as a result of flow separation from the central-body surface sheasd of the
inlet. As the inlet-velocity retio is increased and the back pressure
acting on the central-body boundery layer is reduced, the central-body
boundary layer attaches and follows the surface of the central body
into the inlet. Thus the greater part of the flow enters the inlet with
no loss of total pressure for the subsonic Mach numbers and with the
very small loss (less than 0.018 (H, - po)) sustained through the shock
ahead of the inlet for the supersonic Mach numbers. As the inlet-
velocity ratlo is increased further, the centrel-body boundary leyer
becomes thinner and, at still higher inlet-velocity ratlos, eppreciable
losses arise from flow separation from the imner surface of the inlet
lip (figs. 16(c) and 17). This flow separation, which may become
important at the lower part of the inlet for high angles of attack, can
be avoilded by the use of a thicker inner-lip failring.
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The average total-pressure-loss coefficlient of the flow at the
inlet rake station is presented in figures 18 and 19 as s function of
inlet-velocity retio. TFor some configurations, the spacing of the
tubes of the total-pressure rake was not the optimum. The values of
total-pressure-loss coefficient may not, therefore, be accurate for
conditions where appreclable curvature was indicated for those portions
of the curves of figures 16 and 17 which were extrapolated over a
relatively large distance to the central-body surface. However, the
tube spacing is not belleved to have fundamentally altered the shapes
of the average total-pressure-losg-coefficient curves.

As shown in figures 18 and 19, for all nose-inlet - central-body
combinations at all test Mach numbers, the minimum average total-
pressure-loss coefficient was small (less than 0.03 (E, - Dy)). The
total-pressure recovery of these subsonic inlets was thus sensibly
unimpaired at the supersonic Mach number of 1.2.

A comparison of the curves of figure 18 for a Mach number of 0.8
indicates that, for each configuratlion, as the inlet-velocity ratio was
reduced from the maximum test value, the inlet-velocity ratio at which
the total-pressure losses begen to rise was approximstely the same, but
the loss increase was much more abrupt for the conical central bodies B
and C. The addition of the parabolic curve to the profile of the
conical central bodies shead of the inlet presumably sbrogated the
advantages of the wholly conical central body by steepening the adverse
pressure gradient Just shead of the inlet as a result of the induced
velocities over the curved parabolic surface.

The central-body boundary layer may have been laminar at the point
of separstion for the models of these tests. A lower minimum inlet-
velocity ratio for unseparated central-body filow might result therefore
in e full-scale installation if the Reynolds number and surface rough-
ness were such as to induce boundary-layer transition ahead of the
separation point.

The dashed curves of figures 18 and 19 were interpolated from
unpublished data gathered for NACA l-series spinners in the investiga-
tion reported in reference 2. These curves were interpolated from
total-pressure measurements Just inside the inlet for two spinners of
the proportions of the two ellipticel central bodies of the present
tests. Since there is little difference in NACA l-series or elliptical
profiles when applied to given central-body proportions, no significant
differences are expected in the serodynemic characteristics of central
bodies with elther of these profiles. Although the dashed curves of
figures 18 and 19 were obtained from messurements with an NACA 1-85-050
and an NACA 1-55-050 nose inlet, respectively, reference 2 has shown
that, when the dlstance from the central-body surface to the inlet 1lip
is 0.075D or grester, central-body flow-separation charscteristics are
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essentislly independent of the proportions of the nose inlet. The
ticks shown on the curves denote the minimum inlet-velocity ratio for
unseparsted spinner flow as specifled in reference 2.

No large differences were found in the average total-pressure-loss
curves of the elliptical central bodies of the present tests and the
NACA l-series spinners of reference 2 for wldely different Mach numbers
(figs. 18(a) and 19). The disagreement shown in figure 19 between the
data at 0.13 Mach number and the data point at the lowest inlet-velocity
retio at 0.4 Mach number is probably due principally to the difference
in Reynolds number. The minimum inlet-velocity ratio for which the
total-pressure losses remained near minimum levels decreased apprecigbly,
however, for the conical central bodies B and C, when the Mach number
was increased from 0.8 to 1.2 (figs. 18(b) and 18(c)).

From figure 18(a), it is indicated that the low-speed measurement
of the minimum inlet-velocity ratio for unseparasted central-body flow
given in reference 2 i1s directly applicable at Mach numbers extending
up to 1.2, The validity of the low-speed minimum inlet-velocity ratio
for higher Mach numbers is not as reliably established in figure 19,
but if there is a difference in the low-speed minimum inlet-velocity
ratio indicated by the tick and the inlet-velocity ratio of the total-
pressure-loss increase at higher Mach numbers, the difference cannot
be large.

CONCLUSIORS

The following conclusions are drawn from an investigation of three
NACA l-series nose inlets and four nose-inlet - central-body combinations
at subsonic Mach numbers and at a supersonic Mach number of 1.2:

1. For the nose inlets, the external pressure-drag coefficient at
a8 Mach number of 1.2 was consecutively lower for the nose inlets of
greater length ratio. The external pressure-drag coefficlent for the
longest nose inlet was in the range of pressure-drag coefficient for
two solid noses of fineness ratio 2.4 and 6.0.

2. For Mach numbers below the Mach number of the supercritical drag
rige, extrapolation of the test data indicated that the external drag
of the nose inlets was little affected by the addition of central bodies
at or slightly below the minimum inlet-velocity ratioc for unseparated
central-body flow.

3. The addition of central bodies to the nose inlets led to no
gppreciable effects on either the Mach number of the supercritical drag

-
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rise or, for inlet-velocity ratios high enough t0 avolid a pressure pesk
gt the inlet 1ip, on the critical Mach number.

L. The total-pressure recovery of the inlets tested, which were of
a subsonic type, was sensibly unimpaired at a Mach number of 1.2.

5. A comparison of the inlet totel-pressure losses for an elliptical
and two conical-type central bodlies showed that the minimum inlet-
velocity ratio below which the inlet totel-pressure losses began to
rise was gpproximately the same, but the loss increase was much more
. abrupt for the conical-type central bodies.

6. Low-speed messurements of the minimum inlet-velocity ratio for
unseparated central-body flow appear to be gpplicable for Mach numbers
extending up to 1.2.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronauties,
Langley Field, Va., Janusry 6, 1950.
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Figure 18.- Variation with inlet-velocity ratio of average total-
pressure=1oss coefficient of internal flow near Inlet.
NACA 1-55-Q50 nose-inlet - central-body combinations. o = 0°,
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Figure 1G.~ Variation with inlet-velocity ratio of average total-pressure-loss coefficient of intermal

flow near inlet.

NACA 1-50-100 nose inlet with centrasl body D.
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